Introduction
The dynamic relationship between carbon dioxide emissions and other macroeconomic variables is long established in the literature, and carbon dioxide is seen as one of the variables that captures the environmental conditions in the global economy. The manufacturing sector plays a key role in the economic growth of every nation. However, its operation is attached to carbon dioxide emissions, which are perceived to be one of the main causes of environmental harm that can seriously affect and reduce the environmental quality. Achieving a higher level of economic growth is believed to fall in line with higher environmental degradation (Sharma 2011) , as higher economic activities may promote more environmental problems. Hence, a political instrument for viable development is introduced here with the goal of balancing the concept of economic development, environmental degradation, and social fairness. Sound and quality environmental policies in an economy could be one of the key determinant factors for improving environmental quality (Ibrahim and Law 2015) . Thus, quality institutions should be considered as inputs for providing sound legislation that when applied efficiently will help reduce environmental menace in the global economy (Lau et al. 2014 ). Environmental degradation is presently disturbing the global economy, and considering its adverse effects has caused various governments to budget hugely to control the hazards. Without these environmental problems, the resources earmarked to control related environmental problems could be used to achieve other important economic objectives.
This study investigated the impact of institutional quality on environmental quality in the developing countries. Several studies were conducted on environmental degradation and its determinants. However, little is still known about the roles of institutions in reducing environmental problems. This study is different from the existing literature in three ways; first, most of the studies in this area focus more on growth, financial development, and trade openness, and little attention is given to environmental policy aspects; this is the main focus of this current paper. Second, a lot of attention has been given to the developed countries, thereby ignoring the developing countries where the problems are also/even more evident. Carbon dioxide emissions are the major cause of global warming which deteriorates overall environmental condition by depleting the ozone layer and hence affecting the health of the general populace as well. Carbon emissions from the developing countries will surpass those of the developed countries in the Organization for Economic Co-operation and Development (OECD) over the next three decades due to their higher rate of economic growth in those countries and their continuous use of fossil fuels. Part of the reason for choosing developing countries to study is based on the projection that energyrelated carbon dioxide emissions from those countries will be 127% higher than emissions in the advanced economies by 2040 according to the U.S. Energy Information Administration (EIA 2016) .
The world map in Fig. 1 shows the distribution of lessdeveloped countries as shown by the green color; this highlights majority of the countries in the global economy fall under the category of developing countries. Despite several studies that have examined the relationship between carbon Responsible editor: Philippe Garrigues dioxide emissions and other variables, very few studies have related carbon dioxide emissions to the quality of the institutions that are providing an efficient regulatory framework to safeguard overall environmental degradation. The rest of this study is structured as follows: BConceptual framework section^highlights on the conceptual framework that relate institutions and environmental quality. BLiterature review sectionf ocuses on the review of the previous related literatures. BEconometric methodology and the empirical model sectionĥ ighlights on the discussions of the models and methodology used in the study (generalized method of moments). Moreover, the data used in the study, measurement of the variables, and the data sources were also highlighted in this section. BEmpirical results and discussions section^discusses the empirical results, and BRobustness checks sectionĥ ighlighted the robustness checks of the main findings. Lastly, BConclusion and policy recommendations sectionŝ ummarizes the findings and recommends policy suggestions based on the study outcomes.
Conceptual framework
Institutions could be conceptualized as a composition of rights, rules, and decision-making processes which is taking place through the levels of social organizations that give more emphasis on environmental conditions and resource regimes. Maximum human security is attained when individuals and societies aimed to reduce threats to human lives and promote environment and social rights. From Fig. 2 , economic growth affects environmental degradation which is basically known as Environmental Kuznets Curve (EKC). Institutional quality Fig. 2 Conceptual framework of the institutions and environmental quality. Source: adopted from Egbetokun and Ogundipe (2016) can accelerate the curve to move and attain a turning point faster than its normal pass through to achieve desired sustainable growth. Vibrant institutions can influence economic growth and environmental degradation by suitably guaranteeing the location of polluted industries that may control pollution haven. Furthermore, intervention of institutions can promote rapid economic growth which may result in the increase of environmental degradation that can also be checked by the institutions through proper legislation.
Literature review
There are a number of studies that relate carbon dioxide emissions to other macroeconomic variables and their numerous results. Carbon dioxide emissions are considered one of the reliable measures of the environment and its quality in the global economy. Therefore, it is used by different researchers in the fields of environmental sciences and environmental economics. However, since the studies on this research segment are not much, we reviewed the literature on both the impacts of economic growth on environmental performance, impact of trade openness on the economy and environmental performance, pollution haven hypothesis, and institutional quality and environmental performance. For example, in their quest to test the pollution haven hypothesis, Dean et al. (2009) estimate the behavior of the factors that affect the location choice for equity joint ventures (EJVs) in China. They used theoretical firm framework of production and abatement decision and derive a location choice model based on data of a sample of EJV projects, Chinese efficient charges on water pollution, and Chinese industrial pollution intensity. The empirical finding reveals that poor environmental policies attracted the funding of EJVs in Hong Kong, Macao, and Taiwan. However, EJVs that are financed from non-ethnically Chinese basis are insubstantially attracted by the poor standards irrespective of the level of pollution of the industry. Pao and Tsai (2011) examined the impact of economic growth and financial development on environmental condition based on panel co-integration approach during 1980 to 2007 except Russia that the time period ranges from 1992 to 2007 across BRIC economies. The result in the long run reveals that carbon dioxide emissions show that energy consumption is elastic and FDI is inelastic. The result further highlights that bidirectional causality exists between carbon dioxide emissions and FDI, and a unidirectional causal relationship exists that run from output to FDI. Hence, this research outcome supports pollution haven hypothesis. Zeng and Eastin (2012) investigated the impact of direct investment (FDI) on environmental condition in developing countries. The main empirical result shows that production of the firms in the host countries in the form of FDI enhances the environmental quality in the countries studied. Arouri et al. (2012) based on 12 Middle East and North African (MENA) countries for the period of 1981-2005 examined the nexus between carbon dioxide emissions, energy consumption, and economic growth. The empirical result shows that consumption of energy has a positive and substantial impact on carbon dioxide emissions. The result also shows that economic growth reveals a quadratic association with the level of carbon dioxide emissions in the sample countries. Lau et al. (2014) examined the impact of quality institutions and carbon dioxide emissions on economic growth in Malaysia for the period 1984-2008, using the bound testing approach. Its co-integration results showed that variables have a long-term relationship. That means that the variables of institutional quality, carbon emissions, and exports have a positive and significant impact on economic growth. When the variables of carbon dioxide emissions and institutional quality interact, the result also remained positive and significant for economic growth. This finding means that quality institutions can work toward the reduction of carbon dioxide emissions effectively, and hence enhance environmental quality while improving economic development. The Granger causality tests additionally ratified the contributions of institutional structures in reducing carbon dioxide emissions, institutional quality influences economic growth both directly and indirectly through the ongoing increased reduction of carbon dioxide emissions. Ibrahim and Law (2015) examined the effect of trade, institutional quality, and their marginal effects on carbon dioxide emissions in 40 Sub-Sahara African countries. They applied the system generalized method of moments (system GMM). The result revealed that the effect of trade on the environment was dependent on the quality of the institutions in these countries. Indeed, trade openness negatively affected environmental quality in those countries with poor institutions and tended to benefit those countries with better quality institutions that were sound. Therefore, for those countries with poor institutions to gain the benefits of a positive environmental effect on trade, they must reform their institutions to deliver effective performance. Merican (2007) investigated the impact of foreign direct investment (FDI) on the pollution in five ASEAN nations, namely, Malaysia, Thailand, Indonesia, Singapore, and the Philippines based on the ARDL estimation technique. The main finding revealed that FDI promotes environmental degradation through the escalation of high pollution in the environments of Malaysia, Thailand, and the Philippines. However, FDI was inversely related with pollution in Indonesia and had no significant impact on pollution in Singapore. Ren et al. (2014) applied system GMM and examine the dynamic impact of FDI, trade openness, exports, imports, and per capita income on carbon dioxide emissions during 2000-2010 in China. The main empirical finding shows that increase in the China's trade sector surplus positively influences rapid increase in the carbon dioxide emissions in the country. Also, high inflow of FDI into the country aggravate carbon dioxide emissions into the country and the per capita income and China's industrial output nexus shows an inverted U-shaped which support environmental Kuznets curve in the country.
The relationship between economic growth, electricity consumption, urbanization, and environmental degradation was examined by Shahbaz et al. (2014) . They utilized the autoregressive distributed lags (ARDL) approach for the period 1975-2011 in the United Arab Emirates (UAE). The finding showed that variables are actually related in the long term. An inverted U-shaped relationship, i.e., the Environmental Kuznets Curve (EKC) exists between economic growth and carbon dioxide emissions. This finding means that initially growth increases energy consumption upwards to a given limit of income after which growth reduces it. Electricity consumption leads to a decline in carbon dioxide emissions, while urbanization enhances those emissions. Exports increase environmental quality via a reduction of carbon dioxide emissions. The results also reported a feedback effect for carbon dioxide emissions and electricity consumption, while urbanization and economic growth led to more carbon dioxide emissions. Ponce de Leon Barido and Marshall (2014) investigated the impact of urbanization and environmental policy on carbon dioxide emissions for a sample of 80 countries. They applied fixed and random effect techniques for the period 1983-2005. The findings showed that on average, a 1% increase in urbanization could cause carbon dioxide emissions to increase by 0.95%. Researching 129 countries, Al-mulali et al. (2015a) examined the dynamic impacts of urbanization, economic growth, trade openness, petroleum consumption, and financial development on carbon dioxide emissions. The heterogeneous panel estimation technique was applied for the period 1980-2011. A Pedroni cointegration result revealed that variables have a long-term relationship, while DOLS and Granger causality showed that financial sector development promotes environmental quality in the short run and the long run, hence reducing carbon dioxide emissions. Petroleum consumption was found to be the key source of environmental degradation for most income groups.
Disaggregated renewable electricity production and a carbon dioxide emission nexus was examined by Al-mulali et al. (2015b) for a sample of 23 European countries for the period 1990-2013. Panel co-integration analysis technique was applied. The Pedroni co-integration result shows that carbon dioxide emissions, GDP growth, urbanization, financial development, and renewable electricity production are co-integrated. Based on a fully modified ordinary least square (FMOLS), the finding shows that financial development, economic growth, and urbanization increases carbon dioxide emissions in the long term. However, trade openness reduces carbon dioxide emissions. Al-mulali and Ozturk (2015) applied a panel co-integration analysis technique across 14 MENA countries and examined the causes of environmental degradation in the region for the time period 1996-2012. The Pedroni co-integration test revealed that the variables have long-term relationship. Moreover, the result of FMOLS showed that energy consumption, urbanization, trade openness, and industrial development causes environmental degradation, while political stability decreases it. The result of the Granger causality showed that the variables have both a longrun and a short-run causality with the ecological footprint.
The dynamic impact of economic growth, CO 2 emissions, and foreign direct investment was investigated by Balibey (2015) . The goal was to evaluate the environmental Kuznets curve hypothesis for Turkey for 1974-2011. The study used Johansen co-integration, Granger causality tests, and impulse response as well as a variance decomposition analysis of the vector auto-regression model (VAR) models. The finding, which based on causality, revealed that FDI and economic growth positively influence carbon dioxide emissions. The findings based on impulse response function and variancedecompositions also supported the same relationship between these variables. Asongu et al. (2016) used panel ARDL technique to examine the relationship between energy consumption, carbon dioxide emissions, and economic growth across 24 African countries. The main finding confirms the existence of long-run relationship between energy consumption, carbon dioxide emissions, and economic growth. Moreover, the short-run error correction model (ECM) is negative, significant and less than one as theoretically required. Salahuddin et al. (2015) applied fully modified ordinary least square (FMOLS), dynamic ordinary least squares (DOLS), and dynamic fixed effect model (DFE) during 1980 to 2012 across Gulf Cooperation Council (GCC) countries and examine the impact of economic growth, electricity consumption and financial development on carbon dioxide emission. The main empirical finding shows the existence of positive and long-run relations between electricity consumption, economic growth, and carbon dioxide emissions. However, a negative and significant relationship exists between financial development and carbon dioxide emissions. The result further shows that electricity consumption and economic growth stimulates carbon dioxide emissions; however, development of the financial sector reduces environmental degradation in the sample countries.
Ozturk (2015) applied panel co-integration approach during 1990-2012 and empirically examined the nexus between energy consumption, air pollution, and climate change across the panel of six economically diversified nations. The pooled OLS result signifies that energy consumption and air quality have positive and substantial impact on climate change. The result further highlight that 1% increase in energy consumption raises the emission of greenhouse gases by 0.124%, carbon dioxide emissions by 0.652%, methane emissions by 0.123%, and nitrous oxide emissions enhance greenhouse gas emissions by 0.105 %. However, the fixed and random effect regression result proved the weakening of air quality indicators on climate change. Seker et al. (2015) applied autoregressive distributed lag (ARDL) and examined the impact of foreign direct investment (FDI), economic growth, and consumption of energy on carbon dioxide emissions in Turkey during 1974-2010. The finding reveals that there is a long-run relationship among the variables. Moreover, the ARDL longrun coefficient shows that the impact of FDI on carbon dioxide emissions is found to be positive although is relatively small. However, its effects on economic growth and energy consumption are quite substantial. Furthermore, the short-run result also reconfirmed that of the long run. Farhani and Ozturk (2015) empirically investigate the causality between carbon dioxide emissions, energy consumption, trade openness, financial development, economic growth, and urbanization in Tunisia during 1971-2012. They applied ARDL approach and examine the long-run relationship among the variables. The main empirical result shows that financial development increases the level of carbon dioxide emissions. The finding also reveals the presence of positive and monotonic relationship between economic growth and carbon dioxide emissions in the country. This result does not support the validity of environmental Kuznets curve (EKC) hypothesis. Ali et al. (2016) applied ARDL and empirically examined the dynamic impact of urbanization on environmental condition in Nigeria during 1971-2011. The long-run result shows that variables have long-run relationship as null hypothesis was rejected. Moreover, the coefficient of long-run result shows that urbanization does not have any substantial impact on environmental quality in Nigeria. The result further reveals that energy consumption and economic growth have positive and significant impact on environmental condition in Nigeria, while trade openness reduces the level carbon dioxide emission which directly improves the quality of environment. Zhang and Zhou (2016) empirically examined the impact of foreign direct investment (FDI) on carbon dioxide emissions during 1995 to 2010 across regional and national level in China. They applied Stochastic Impacts by Regression on Population, Affluence, and Technology (STIRPAT) model. The main empirical finding reveals that FDI increases environmental quality through reduction in the level of carbon emissions in China. Moreover, the result shows that FDI reduces carbon dioxide emissions in the western region to the eastern and central regions. Hence, their finding supports pollution haven hypothesis in the case of China. Alam et al. (2016) investigates the dynamic impact of energy consumption and population growth on carbon dioxide emissions based on autoregressive distributed lag (ARDL) bound test during 1970 to 2012 across India, Indonesia, China, and Brazil. The main empirical finding show that increase in income and energy consumption triggers carbon dioxide emissions in the sample countries. However, the link between carbon dioxide emissions and population growth is statistically substantial in the case of India and Brazil, while same relationship remains statistically insignificant in the case of China and Indonesia in the short run and long run. Moreover, they tested environmental Kuznets curve (EKC) hypothesis which reveals that increases in the level of income in Brazil, China, and Indonesia reduce the level of carbon dioxide emissions. Ali et al. (2017) empirically examined the dynamic impact of urbanization on environmental quality in Singapore being the most urbanized country in the world with 100% of its populace living in the urban center. The main empirical finding suggests a negative and significant impact of urbanization on carbon dioxide emissions in the country. This means urbanization is not a barrier to the environmental condition in the country. However, economic growth deteriorates environmental quality through incessant increase of the carbon dioxide emissions. Paramati et al. (2017) applied different robust panel econometric techniques during 1990-2012 and examine the impact of renewable energy consumption on output and carbon dioxide emissions of the succeeding fastest developing countries in the globe. The main empirical result reveals the presence of long-run relationships among the variables. Moreover, renewable energy consumption has a positive and significant impact on output and has a negative and significant impact on carbon dioxide emissions in the sample countries. Ahmed et al. (2017a) empirically examine the impact of energy consumption in relation to carbon dioxide emissions and trade integration across eight (8) countries in the ASEAN sub-region. The main empirical finding reveals that environmental cost of economic growth is disturbing for most of the panel member countries. The result further highlight that nonrenewable energy consumption is the main contributing factor that deteriorate environmental quality in the ASEAN sub-region. Salahuddin et al. (2017) applied autoregressive distributed lag (ARDL) bounds testing econometric technique in Kuwait and examine the dynamic impact of economic growth, electricity consumption, foreign direct investment (FDI), and financial development on carbon dioxide (CO2) emissions. The study period is 1980-2013. The key finding reveals that economic growth, FDI, and electricity consumption have a positive and significant impact on carbon dioxide emission in both short and long run. However, VECM Granger causality result shows that FDI, economic growth, and electricity consumption strongly Granger-cause carbon dioxide emissions in Kuwait. Ahmed et al. (2017b) empirically investigated the nexus between carbon dioxide emissions and four of its main contributing factors which includes population, trade openness, energy consumption, and income. They applied fully modified ordinary least square (FMOLS) analysis during 1971 to 2013 across five South Asian countries. The main empirical finding reveals that energy consumption, trade openness, and population stimulate carbon dioxide emissions. This means these three variables reduce environmental quality of the sample countries. The result however shows that income has a negative impact on environmental degradation. They went further and applied innovative accounting approach to examine the causality among the variables. The causality result shows bidirectional causality between energy consumption and trade openness. However, the unidirectional causality exists running from energy consumption, trade openness, and population to carbon dioxide emission. Sinha et al. (2017) empirically examined the dynamic impact of environmental Kuznets curve (EKC) for carbon dioxide emissions across 11 economies during 1990-2014. This study segregates three different forms of energy (renewable, biomass, and non-renewable) and incorporates urbanization and level of openness in trade. The main empirical finding based on generalized method of moments reveals that the presence of N-shaped relationship between economic growth and environmental degradation across the sample countries. They went further to analyze the interaction effect among biomass energy consumption, trade openness, and economic growth. The result shows a negative impact on carbon dioxide emissions for the sample countries. In summary, it is deduced that most of the literature reviewed above highlight that quality institutions enhances environmental quality, for example, Lau et al. (2014) , Ibrahim and Law (2015) , and Al-mulali and Ozturk (2015) .
Econometric methodology and the empirical model
The key objective of empirical specification is to explain the stages of carbon dioxide emissions and its variations across different countries. This goal is based on an empirical model that allows testing of the main hypothesis regarding. The empirical model will be the determinant for using time and various country measurements of the annual dataset for that estimation. Since the study data is annual, the likelihood of not learning long-run equilibrium values should be provided due to the slow adjustment of the regressors. The dynamic loglinear equation of carbon dioxide emissions that has a lagged dependent variable is estimated to allow room for partial adjustment. To achieve the study objective, the following loglinear equation is specified for carbon dioxide emissions:
where LCEM is the log of carbon dioxide emissions, γLCEM it − 1 is the lagged dependent variable of carbon dioxide emissions, LINQ is the log of institutional quality, LY is the log of economic growth, and X is the vector of the other control variables [financial development (LFD) , trade openness (LTO), urbanization (LUB), and energy consumption (LEC)]. While η t indicates the time specific fixed effect, λ i shows country specific effect, i denotes country, and t represents the time period. The full specification of the model is shown using Eq. (2) below:
Dynamic panel GMM estimation
The presence of a lagged-dependent variable can cause a correlation between the regressors and the error term because the lagged-dependent variable depends on μ it − 1 which also depends on the country-specific effect (μ i ). When Eq. (1) is estimated, it may suffer from Nickell (1981) bias which then vanishes, as T approaches infinity. To correct such biasness in the estimation, one must apply either the generalized method of moments (GMM) proposed by Arellano and Bond (1991) or use system GMM by Arellano and Bover (1995) . Based on these techniques, when the first difference is taken in the models, the country-and time-specific effects and the simultaneity bias problem is removed. The assumption is that the original disturbance term in Eq. (1) v it does not correlate with the differenced errors. In order to test the validity of the estimated parameters, post-estimation tests of the first and second order serial correlation is conducted. The condition indicates that the null hypothesis for the first order serial correlation can be rejected, but for the second order, serial correlation cannot be rejected. Furthermore, the Sargan test is applied to test overidentification restriction because of too many moment conditions. Still, an increase in the efficiency of estimation may lead to estimation bias. It is thus recommended by Baltagi (2005) that a subset of these moment conditions should apply in order to gain from the trade-off of increased efficiency and reduced estimation bias. The sample countries used in this study were Angola, Algeria, Azerbaijan, Albania, Armenia, Bangladesh, Belarus, Botswana, Brazil, Bulgaria, Bolivia, Cameroon, Congo Dep., Colombia, Costa Rica, Dominican Republic, Ethiopia, Egypt Arab Republic, Ghana, Guatemala, Gabon, Haiti, Honduras, India, Indonesia, Jordan, Kosovo, Kenya, Malaysia, Mozambique, Moldova, Mongolia, Morocco, Mexico, Namibia, Nigeria, Nicaragua, Pakistan, Paraguay, the Philippines, South Africa, Sri Lanka, Tanzania, Togo, Thailand, Turkey, and Venezuela RB. These ranges of countries were selected based on their characteristics of having largely poor institutional performance, which may also include improper environmental regulations when compared to the advanced industrialized nations like the United States of America (USA), Germany, Spain, Japan, and France.
The 47 countries were also selected based on their similar characteristics of falling into the category of developing countries. Secondly, the level of bureaucratic quality and rule of law is still very low and corruption is high when compared to advanced countries. For example, the average point most of the developing countries scored in the international country risk guide (ICRG) data base related to bureaucratic quality is 2%, same is also applicable to the rule of law. However, in the case of the corruption index which shows that countries that score higher points experience little corruption, e.g., the United States of America (USA) and the United Kingdom (UK) scored 5 points on average. Most of the developing countries average score is 2 points which highlight the extent of corruption in those countries. Moreover, the current level of carbon dioxide emissions globally is mainly concentrated in the advanced industrialized nations; yet, it is strongly projected that in the next few years, that trend will move toward the developing countries (U.S. Energy Information Agency). Therefore, examining that linkage with the quality of institutions in the developing countries is paramount.
The data
The data used for this study across 47 developing countries was obtained from two different sources and carbon dioxide emissions as proxied by CO 2 emissions metric tons per capita was obtained from the World Development Indicators data set (WDI). The variable of institutional quality was obtained from the International Country Risk Guide (ICRG) in which three political risk services (PRS) variables, namely, corruption, rule of law, and bureaucratic quality, were summed to obtain the desired indicator of institutional quality following Bekaert et al. (2005) . Economic performance was measured by real GDP, and financial development was measured by domestic credit to private sector as a ratio of GDP. Trade openness was measured by total exports and imports as a ratio of GDP, urbanization was measured by urban population as a ratio of overall population, and energy consumption was measured by fossil fuel consumption which included coal, oil, petroleum, and natural gas products. The remaining control variables were all obtained from World Development Indicators (WDI CD ROM 2015). The scatter plot as reported in Fig. 3 in the Appendix shows that the relationship between the two main variables of carbon emissions and institutional quality was positive although it looks ambiguous because the plotting is not straight. Table 1 highlights the descriptive statistics of the variables and shows the number of observations, the mean, standard deviation, and the minimum and maximum of the original data for the variables. For example, the mean for the two key variables of carbon dioxide emissions and institutional quality was1.989 and 6.873, respectively.
Empirical results and discussions
The correlation matrix above shows that the variables of institutional quality, financial development, economic growth, trade openness, urbanization, and energy consumption have a positive and significant correlation with the dependent variable (carbon dioxide emissions) as presented in Table 2 .
Before estimating the dynamic panel GMM model, the main model for this study, the static panel models for fixed and random effects were estimated and their results were reported in Table 3 . The finding shows that there was no any significant relationship between institutional quality and carbon dioxide emissions across the sample countries. However, the variables of trade openness, urbanization, and energy consumption had a positive relationship with carbon dioxide emissions, which means that increase in these variables substantially will lead to more carbon dioxide emissions. The Hausman test, which is based on the p value (0.057), shows that the null hypothesis cannot be rejected, which means that the random effect model was more appropriate than the fixed effect model. The result for the main hypothesis (impact of institutional quality on environmental quality) is insignificant, which might be due to the static nature of the model. Hence, we applied the dynamic panel model to see whether there might then be a variation of the outcome since the dynamic panel models are considered to be more efficient and robust than the traditional static panel model.
Moving to the Arellano and Bond (1991) and the Arellano and Bover (1995) dynamic panel GMM model is reported in Table 4 below. We reported both difference and system GMM estimators in Table 4 , but since system GMM is considered more robust and efficient than the difference GMM, our analysis mainly relied on the system GMM results. Models I and II have a one-step and two-step difference GMM, respectively, while models III and IV are used for a one-and two-step system GMM respectively. The main finding based on the system GMM reveals that quality institutions help in reducing the amount of carbon dioxide emissions. It also shows that institutional quality has a negative and significant impact on carbon dioxide emissions. This finding means that a 1% increase in institutional quality tends to reduce carbon dioxide emissions by 0.313% in the sample countries. This finding is consistent with that of Lau et al. (2014) and Al-mulali and Ozturk (2015) who found that quality institutions reduce carbon dioxide emissions in Malaysia and MENA countries, respectively. The empirical results further show that the variables of economic performance, trade openness, urbanization, and energy consumption have a positive and significant impact on carbon dioxide emissions. This means that a 1% increase in economic performance, trade openness, urbanization, and energy consumption could increase the level of carbon dioxide emissions by 0.195%, 0.194%, 1.599%, and 0.304%, respectively. However, financial development did not have any significant impact on carbon dioxide emissions in the sample countries.
The post-estimation tests of the models were also valid as we could not reject the null hypothesis for Sargan/Hansen which means the instruments were valid. The second order serial correlation AR(2), which is meant to check AR(1), was also valid. This mean was consistent with the GMM econometric theory. However, the main result was insignificant, as quality of institutions did not have any significant impact on carbon dioxide emissions in the sample countries when difference GMM was applied. Moreover, as earlier mentioned since system GMM was considered a more robust and efficient estimator compared to difference GMM, our analysis mainly relies on the findings of system GMM.
Robustness checks
As the scatter plot (refer to Appendix (Fig. 4) ) shows, some countries move far away from the main sample, so we conducted Cook's outlier test as advocated by Cook (1977) to detect any country with high leverage or large residuals. Some counties were found to have outliers, so we dropped the outliers and re-estimated the models. The result as reported in Table 5 shows that even after removing all outliers from the sample, the main result remained consistent with what was obtained in the full sample as system GMM results. This means that institutional quality does reduce carbon dioxide emissions in the sample countries. That is to say, a 1% increase in institutional quality could lead to the reduction of carbon dioxide emissions by 0.206%. The remaining control variables also revealed that economic performance could lead to the reduction of carbon dioxide emission, hence improve environmental quality. Statistically, it revealed that a 1% 
Conclusion and policy recommendations
This study empirically examined the dynamic impact of institutional quality on carbon dioxide emissions across 47 developing countries, using dynamic panel GMM estimations. The empirical finding reveals that institutional quality *p < 0.05, **p < 0.01, and ***p < 0.001 denote significant at 5%, 10%, and 1% respectively. The dynamic panel GMM estimator of Arellano and Bond (1991) is applied for the difference GMM estimations and the Arellano and Bover (1995) is used for system GMM estimations. The two models are based on two steps. Figures in parentheses are standard errors. All variables are in logarithm form, and the estimations are based on xtabond2 Roodman (2009) simulation study *p < 0.05, **p < 0.01, and ***p < 0.001 denote significant at 5%, 10%, and 1% respectively. The dynamic panel GMM estimator of Arellano and Bond (1991) is applied for the difference GMM estimations and the Arellano and Bover (1995) is used for system GMM estimations. The two models are based on two steps. Figures in parentheses are standard errors. All variables are in logarithm form, and the estimations are based on xtabond2 Roodman (2009) simulation study reduces carbon dioxide emissions and hence reduces the level of environmental degradation in the countries that were investigated. This finding means that better and more quality institutions will help enhance the level of environmental quality. The finding based on the other control variables reveals that an increase in economic performance, trade openness, urbanization, and energy consumption positively influenced carbon dioxide emissions in the sample countries. The policy implication based on this finding is that, for developing countries to reduce environmental degradation caused by pollution that emanates from carbon dioxide emissions, it is essential for them to strengthen their institutions and then allow them to work effectively. Effective functioning of institutions in these countries will deliver proper laws, regulations, and property rights as well as ways to combat corruption, which if systematically followed, will reduce carbon dioxide emissions, and improve the level of environmental conditions in the countries investigated in this study. Moreover, governments in the selected sample countries should try to adopt proper legislations that could encourage green energy consumption which have little environmental problems. 
